Inelastic neutron scattering was used to systematically investigate the spinwave excitations (magnons) in ferromagnetic manganese perovskites. In spite of the large differences in the Curie temperatures (T C s) of different manganites, their low-temperature spin waves were found to have very similar dispersions with the zone boundary magnon softening. From the wavevector dependence of the magnon lifetime effects and its correlation with the dispersions of the optical phonon modes, we argue that a strong magnetoelastic coupling is responsible for the observed low temperature anomalous spin dynamical behavior of the manganites.
The elementary magnetic excitations (spin waves) in a ferromagnet can provide direct information about the itinerancy of the unpaired electrons contributing to the ordered moment. In insulating (local moment) ferromagnets, such excitations are usually well defined throughout the Brillouin zone and can be described by the Heisenberg model of magnetism [1] . On the other hand, metallic (itinerant) ferromagnets are generally characterized by the disappearance of spin waves at finite energy and momentum due to the presence of the Stoner (electron-hole pair) excitation continuum associated with the band structure and itinerant electrons in the system [2] . In the ferromagnetic manganese perovskites (manganites)
A 0.7 B 0.3 MnO 3 (where A and B are rare-earth and alkaline-earth elements respectively.) [3] , the ferromagnetism and electric conductivity can be continually suppressed by different A(B)
substitutions until an insulating, charge-ordered ground state is stabilized [4] . Approaching this insulating ground state (with decreasing Curie temperature T C ), the low temperature spin-wave dispersions have been found to deviate [5] from the nearest-neighbor Heisenberg exchange Hamiltonian that has been successfully applied to the higher T C materials [6] [7] [8] [9] .
However, the microscopic origin for such deviation is unknown. Furthermore, spin waves for the lower T C A 0.7 B 0.3 MnO 3 have very similar spin-wave stiffness constants (D), contrary to the expectation of a Heisenberg ferromagnet where D is related to T C [10, 11] . Here we argue that the deviation from the simple Heisenberg Hamiltonian and the observation of magnon damping at large wavevectors are due to strong magneto-elastic (or magnon-phonon) interactions, consistent with the electron-lattice coupling [12] for the manganites in the proximity of the charge ordered insulating state.
We study A 0.7 B 0.3 MnO 3 manganites because these materials exhibit a large resistivity drop that is intimately related to the paramagnetic-to-ferromagnetic phase transition at T C [3] . Due to the octahedral crystalline field, the 3d energy level of the Mn ion in A 0.7 B 0.3 MnO 3 is split into a low-lying t 2g triplet and a higher energy e g doublet. In 1951, Zener [13] postulated that the conductivity in these mixed valence systems was due to the simultaneous hopping of an (e g ) electron (with electron transfer energy t) Because all the electrons in the Mn 3d levels are polarized by a strong intra-atomic exchange interaction J H (Hund-rule coupling), such hopping tends to align the spins of Mn ions on adjacent sites parallel [14] . Thus, the DE mechanism provided a qualitative interpretation of coupled ferromagnetic ordering and electric conductivity [3] . However, recent theoretical work [15, 16] suggests that DE mechanism alone cannot explain the temperature dependence of the resistivity near and above T C . Additional interactions, such as a strong dynamical Jahn-Teller (JT) based electron-lattice coupling, are necessary to explain the magnitude of the resistivity drop across T C . In this scenario, the JT distortion of the Mn 3+ O 6 octahedra lifts the double degeneracy of e g electrons in Mn 3+ and causes a local lattice distortion that may trap carriers to form a polaron. The formation of lattice polarons in the paramagnetic state leads to the localization of conduction band (e g ) electrons above T C and hence the insulating behavior. On cooling below T C however, the growing ferromagnetic order increases the e g electron hopping (kinetic) energy t and decreases the electron-lattice coupling strength sufficiently that metallic behavior occurs. The system crosses over from a polaron regime to a Fermi-liquid regime and the DE mechanism ultimately prevails in the low temperature metallic state [15] .
The electron-lattice coupling described above is dynamical, i.e., it involves vibrational distortions of the oxygen octahedron around the Mn 3+ site. However, the static lattice distortion, present because of the ionic size differences of A and B in A 0.7 B 0.3 MnO 3 , may also affect the electron hopping and the Curie temperature T C . Therefore, systematic studies of the spin-wave excitations in A 0.7 B 0.3 MnO 3 with decreasing T C and increasing residual resistivity [4] should reveal how the system evolves from an itinerant to a localized ferromagnet. The temperature dependent resistivity ρ(T ) for these three samples is shown in Figure   1 . The characteristic drop in ρ coincident with T C is clearly seen to increase with decreasing T C . At the same time the residual resistivity increases almost linearly with decreasing T C , indicating that with increasing magnetoresistance effect the system becomes a worse metal at low temperatures. An interesting feature of ρ(T ) at low temperatures is that all three samples exhibit the same temperature dependence below ∼100 K when ρ(T ) is scaled to the residual value ρ(0). The inset to Figure 1 describing the spin dynamics of the highest T C ferromagnetic manganites [6] [7] [8] [9] . To estimate the spin-spin exchange coupling strength, we note that the low-frequency spin waves of A 0.7 B 0.3 MnO 3 manganites LCMO [10] , NSMO, and PSMO [11] are isotropic and gapless with a stiffness D ≈ 165 meVÅ −2 . For a simple cubic Heisenberg ferromagnet with nearestneighbor exchange coupling J, D = 2JSa 2 , where S is the magnitude of the electronic spin at the magnetic ionic sites and a is the lattice parameter. From the measured spinwave stiffness, one can calculate the exchange coupling strength J and hence the expected dispersion for a simple nearest-neighbor Heisenberg ferromagnet. The solid lines in Figure 2 show the outcome of such calculation which clearly misses the measured spin-wave energies at large wavevectors. The full width at half maximum (FHWM) of the excitations Γ shows a similar increase at wavevectors larger than ξ ≈ 0.3 rlu for all three manganites [22] . To determine whether such broadening is due to the Stoner continuum, we note that at low temperatures, the spin moment of itinerant electrons of ferromagnetic manganites is completely saturated and the system is in the half-metallic state [23] . In this scenario of the DE model, there is complete separation of the majority and minority band by a large J H . As a consequence, the Stoner continuum is expected to lie at an energy scale (2J H ) much higher than that of the spin-wave excitations [18, 19] . For this reason, the observed magnon broadening and damping for lower T C manganites are unlikely to be due to Stoner continuum excitations.
On the other hand, such behavior may be well understood if one assumes a new spinwave damping channel that is related to a strong coupling between the conduction band (e g ) electrons and the cooperative oxygens in the Mn-O-Mn bond, analogous to that of a dynamic JT effect [12] . Although JT based electron-lattice coupling is known to be important for the metal-to-insulator transition at temperatures near and above T C [15, 16] , such coupling may also be important to understand the low temperature magnetic properties. directions, suggesting that the softening of the spin-wave branches in Figure 2 is due to magnon-phonon coupling.
In principle, the interaction between the magnetic moments and the lattice can modify spin waves in two different ways. First, the static lattice deformation induced by the ordered magnetic moments may affect the anisotropy of the spin waves. Second, the dynamic time-dependent modulations of the magnetic moment may interfere with the lattice vibrations, resulting in significant magneto-elastic interactions or magnon-phonon coupling. One possible consequence of such coupling is to create energy gaps in the magnon dispersion at the nominal intersections of the magnon and phonon modes. However, our spin-wave dispersion data in Figure 2 show no obvious evidence of any gap at the magnon and phonon crossing at ξ ≈ 0.3 rlu. Alternatively, magnon-phonon coupling, present in all exchange coupled magnetic compounds to some extent, may give raise to spin-wave broadening [25] .
In this scenario, the vibrations of the magnetic ions about their equilibrium positions affect the exchange energy through the spatial variation of the spin-spin exchange coupling strength, which in turn leads to spin-wave broadening at the magnon-phonon crossing points.
Generally, one would expect such coupling to be strong for the lower T C A 0.7 B 0.3 MnO 3 manganites because of their close proximity to the charge-ordered insulating state [4] . This is exactly what is observed for these materials at ξ ≥ 0.3 rlu. Constant-q scans in Figure 3 show significant broadening of the spin waves from ξ < 0.3 to ξ ≥ 0.3 rlu for LCMO and NSMO. Similarly, Figure 4 reveals that magnon widths increase considerably at wavevectors ξ ≥ 0.3 rlu for all three manganites investigated, consistent with the expectation of a strong magnon-phonon hybridization [26] .
We have discovered that spin-wave softening and broadening along the [0, 0, ξ] direction occur at the nominal intersection of the magnon and optical phonon modes in lower T C 
